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ABSTRACT
Iodination of 3,5-dichloroanisole using silver salts (under the direction of Daniell Mattern)

A paper published by Joshi et al. showed lower than expected yields in mono- and
di-iodination of 3,5-dichloroanisole in dichloromethane using silver salts. One possibility
for this could be that the starting material was being tri-iodinated and precipitating out of
the solution. We used similar reaction conditions in attempts to prepare and isolate triiodinated product, but attempts of recrystallization from ethanol, DMSO, and 2methoxyethanol showed no signs of it. Removal of silver iodide from the solids formed
during the reaction using aqueous potassium iodide resulted in complete dissolution of
the entire crude product, suggesting no organic product as well. This reaction was then
combined with the concept of a solvent-less reaction based on a paper published by Bose
et al. involving electrophilic aromatic halogenation using a ball milling machine.
Variation of reagent equivalents, heat, and time have shown various percent compositions
of the products 3,5-dichloro-2-iodoanisole and 3,5-dichloro-2,6-diiodoanisole.
Unfortunately, no attempts show any evidence of the tri-iodinated product.
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INTRODUCTION
An electrophilic aromatic substitution reaction involves the substitution of an
electrophile for a hydrogen on an aromatic ring. This reaction occurs in a two-step
process. The rate determining step is the formation of the arenium ring. The arenium ring
is created when the pi bond attacks the electrophile. Next, a base comes in and
deprotonates the ring, restoring aromaticity. Halogenation of the aromatic ring is a
common electrophilic aromatic substitution reaction.
One of Joshi et al.’s publications2 explores halogenation of aromatic compounds.
In one specific case, he described the iodination of 3,5-dichloroanisole using silver
sulfate and iodine. The silver from silver sulfate forms insoluble silver iodide with one of
the iodine atoms, creating an electrophile from the other iodine atom for the aromatic pi
bond to attack. The sulfate or hydrogen sulfate then comes in and deprotonates the ring,
creating sulfuric acid and restoring aromaticity. Iodination of aromatic compounds is
harder compared to other halogenations because iodine is less electrophilic than other
halogens. When the reaction in Joshi’s publication was performed in DCM, the percent
yields were 4% for 3,5-dichloro-2-iodoanisole, 7% for 3,5-dichloro-4-iodoanisole, and 9%
for 3,5-dichloro-2,4-diiodoanisole (see Figure 1). One hypothesis is that the reason for
the low reported yield is because the aromatic compound was becoming tri-iodinated and
precipitating out of the solvent, and this precipitate of 3,5-dichloro-2,4,6-triiodoanisole
was ignored. Polyiodinated aromatics are of interest as intermediates in making complex
products, since iodine is the most reactive halogen for performing various coupling
reactions.
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Another area of interest involves a paper published by Bose et al.3 involving
electrophilic aromatic substitution using a ball milling machine. A ball milling machine is
a cylindrical device containing balls that is used to grind or mix various materials. Since
the reaction is run in a ball milling machine, no solvent is used. The aspect of a solventless reaction was applied to the iodination of 3,5-dichloroanisole to explore the effects of
differing equivalents of reagents, temperature, and time in the iodination of the aromatic
compound, in the hopes of achieving the tri-iodinated compound.

Figure 1: Reaction with Expected Products
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EXPERIMENTAL PROCEDURE
Iodination of 3,5-dichloroanisole with silver salt in DCM using Joshi’s equivalents
Silver sulfate (172 mg, 0.55 mmol), iodine (381 mg, 1.5 mmol), and 3,5dichloroanisole (177 mg, 1 mmol) were added into a roundbottom flask with 20 mL of
dichloromethane. The reaction was stoppered and stirred at room temperature for 60
hours. The reaction was cooled in an ice-water bath and quenched with an aqueous
solution of sodium metabisulfite (0.2 mL). The mixture was vacuum filtered and the
residue was washed with 3 mL of dichloromethane three times. The organic-insoluble
product was dissolved in DMSO and analyzed by NMR. The filtrate was washed with
aqueous sodium bicarbonate (3 mL), water (3 mL), and brine (3 mL) three times. The
organic layer was dried with magnesium sulfate and removed by vacuum filtration. The
solvent was removed under reduced pressure; there was no residue.

Attempted recrystallization from ethanol
Hot solvent (~25 mL) was added until a sample of the above filtration residue
seemed to have dissolved. The mixture was then hot filtered through a piece of fluted
filter paper in a powder funnel. It was left to cool to room temperature overnight. The
sides of the glassware were scratched to try to induce recrystallization. The flask was
later cooled in an ice-cold bath for 15 minutes. Water was added to make the product less
soluble, and the flask was put back into the ice-cold bath for 45 minutes. No crystals
formed.
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Attempted recrystallizations from DMSO or 2-methoxyethanol
Hot solvent (1 mL) was added to 100 mg of the above filtration residue in a test
tube. The mixture was stirred with a glass stirring rod. Then, the solvent was filtered
through a pipet and glass wool into another test tube. The mixture was cooled to room
temperature. No crystals formed, so 1 mL of water was added to the cooled mixture to
crash out the product. The pipet was weighed before and after use to account for any
material that may have gotten stuck in the pipet. Still no crystals formed.

Iodination of 3,5-dichloroanisole with silver salt in DCM using 3 equivalents of iodine
Silver sulfate (468 mg, 1.5 mmol), iodine (761 mg, 3 mmol), and 3,5dichloroanisole (177 mg, 1 mmol) were added to 20 mL of dichloromethane. The
reaction was stoppered and stirred at room temperature for about 60 hours. The mixture
was vacuum filtered and washed with 3 mL of dichloromethane 3 times. Both the filtrate
(after solvent removal) and the residue not soluble in dichloromethane were separately
dissolved in DMSO-d6 and analyzed by NMR.
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Iodination of 3,5-dichloroanisole with silver salt without a solvent
One millimole of 3,5-dichloroanisole was stirred and heated under an oil bath at
elevated temperatures until it was fully liquified. Varying amounts of iodine were added.
Varying amounts of silver sulfate were added incrementally. The reaction was stoppered
and stirred for varying amounts of time. Once the reaction was stopped and cooled,
dichloromethane was added. The mixture was vacuum filtered. The filtrate was removed
by a rotary evaporator and dissolved in chloroform-d to be analyzed by NMR. The
organic-insoluble product was washed with aqueous KI solution to dissolve silver iodide.

Iodination of 3,5-dichloroanisole with silver salt without a solvent under aluminum foil
with glass beads
One millimole of 3,5-dichloroanisole was heated under an oil bath at 150 °C until
it was fully liquified. Iodine (2 mmol) was added to the mixture. Silver sulfate (1 mmol)
was added incrementally. Glass beads were added to reduce the head space where iodine
vapor could escape the liquid phase. The stir bar’s RPM was slowly increased to about
900 RPM. The reaction was stoppered and stirred for 3 days. Aluminum foil was used to
cover the reaction for the last 24 hours. Once the reaction was stopped and cooled,
dichloromethane was added. The mixture was vacuum filtered. The portion insoluble in
dichloromethane was washed with aqueous KI solution, giving a residue. The filtrate was
washed with aqueous sodium thiosulfate. The organic layer was separated, and the
solvent was removed by a rotary evaporator. Then, organic-soluble product was dissolved
in chloroform-d and analyzed by NMR.
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Method for Finding Percent Composition based on the Aromatic Region of the Proton
NMR
Figure 2: H NMR Chemical Shifts

*ChemDraw Estimation. All other values are literature values.

To compare all the products, the relative integration of one proton for each
product was found, using the chemical shifts as shown in Figure 2. First, the integration
value for the ortho protons for the starting material 3,5-dichloroanisole was divided by 2
since it has 2 ortho protons. Next, the integration value calculated for 1 proton of 3,5dichloroanisole (the para proton) was subtracted from the integral of 3,5-dichloro-4iodoanisole at 6.94 ppm since the two products have overlapping signals. This gives the
integration value for the two ortho protons of 3,5-dichloro-4-iodoanisole; this value was
also divided by 2 to provide a comparison of relative amounts. Next, the integrals for the
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two signals given by the ortho and para protons of 3,5-dichloro-2-iodoanisole were
averaged if they were present. Then, the integration values for the two di-iodinated
products were found if they were present — each has one aromatic proton. Lastly, the
integration values were all added up, and each product’s integration value corresponding
to one proton for that product was divided by the total to get its percentage composition.

Method for Finding Percent Composition based on the Methoxy Region of the Proton
NMR
The integration values were found for the 2 (or 3) observed methoxy peaks and added
together. Each product’s integration value was divided by the total to get the percentage
of that product. This was less informative, because the starting material and para-iodo
compound methyls overlapped at 3.78 ppm, and the ortho-iodo and ortho,para-diiodo
methyls overlapped at 3.88 ppm.
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Method for Finding Percent Composition based on Carbon NMR
Figure 3: C NMR Chemical Shifts

*ChemDraw Estimation. All other values are literature values.

Peak assignments were made as shown in Figure 3. The peaks’ heights were
measured in millimeters. The carbon signals representing two chemically-equivalent
carbons were halved, so the signal only represented one carbon. The carbon signals for
3,5-dichloro-2-iodoanisole were each multiplied by a factor to equal 100, since it
contained a signal for each of the four different types of carbon (C-H, C-O, C-Cl, C-I),
which exhibit chemical shifts in four different regions. The other compounds’ carbon
signals were multiplied by the same factor, corresponding to the region it appeared in.
Therefore, each compound with a signal in one of the four regions would provide a
measure of relative amount, compared to the signal for 3,5-dichloro-2-iodoanisole, based
on that region. Then, the average of the relative amount, determined in each region, was
8

calculated for each product. This relative amount number for each compound was divided
by the total of all the relative amounts (determined by the averages of the carbon signals)
to obtain its percentage composition.
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RESULTS AND DISCUSSION
Iodination of 3,5-dichloroanisole with silver salt in DCM
The organic-insoluble product showed a peak around 4.1 ppm in DMSO based on
proton NMR. This supports the idea that the reaction went to completion and only has triiodinated product, since that material has only methoxy, and no aromatic, protons.
However, the carbon NMR didn’t show any signs of organic products. Therefore, it can
be concluded that the peak shown in the proton NMR was probably water and was shifted
downward, perhaps due to the presence of H2SO4.
There was much undissolved solid in the NMR tube. Most of the solid was
thought to be AgI, which isn’t soluble in DMSO. To be sure that all the organic product
was being dissolved, the next step was to somehow separate the organic product from
other impurities, mainly silver iodide. Some attempts were made to try and recrystallize
any potential organic solid.
Kohn published a paper4 in Monatshefte in 1927 claiming to have made the triiodinated compound and recrystallizing it from ethanol. However, when the procedure
was attempted, no crystals were formed. It is possible that too much ethanol was added
because it is difficult to tell whether something had dissolved since there was still silver
iodide in the crude product. Water was used to try to crash the product out, but no
crystals were formed.
After the unsuccessful attempt using ethanol, DMSO and 2-methoxyethanol were
tried. However, this time, the idea was just to add a small amount of solvent to make sure
too much wasn’t added. Water was used to crash out the product. Nothing crashed out
from the 2-methoxyethanol, but there was a white powder that crashed out from DMSO.
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Unfortunately, the white powder went through the filter paper when vacuum filtration
was attempted. It is unclear what this white powder could have been. One hypothesis
involves cotton, since cotton was used instead of glass wool for the DMSO
recrystallization. It was possible that the DMSO pulled some compounds out of the
cotton.
With the uncertainty of any organic product being in the crude product, the next
step was to find a method to dissolve the silver iodide without affecting the organic
material. Aqueous sodium thiosulfate was the first candidate. It was first tested with
pentaiodotoluene to assure there were no interactions with aromatic iodines. None were
observed. Some variations of saturation of the aqueous sodium thiosulfate, amount of
silver iodide, and amount of crude material were tested to observe the effectiveness of
sodium thiosulfate in dissolving silver iodide. It seemed that some of the silver iodide
was dissolving, but it was difficult to dissolve all of it.
Later, aqueous potassium iodide was found to be a better candidate at dissolving
silver iodide. As with sodium thiosulfate, potassium iodide was tested with
pentaiodotoluene and found to not have any interactions. The literature5 stated that 1 mL
of 1.5 M KI (aq) could dissolve 15 mg of AgI. Potassium iodide solution worked well to
dissolve silver iodide. When used on the crude product, all the product dissolved. This
suggests that there was no organic product present. There was also an odd brown powder
floating around after using both sodium thiosulfate (aq) and potassium iodide (aq) to
wash the crude product. However, the product seemed to go through the filter paper and
didn’t show up on proton NMR. Therefore, it is most likely not any kind of organic
product.
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Table 1 shows the masses of the organic-insoluble product for reactions in DCM.
The percent yields are assuming all the silver sulfate and iodine reacted to form the silver
iodide byproduct. The reaction done with 3 equivalents on a 3 mmol scale showed over
100% yield. Because everything in the organic-insoluble product dissolved in the
potassium iodide solution, it can be hypothesized that the extra mass came from sulfuric
acid that hadn’t been completely washed out. An H NMR (Figure 7) was taken of the
filtrate for the reaction with 3 equivalents. There seem to be some peaks that match the
two mono-iodinated products in the aromatic regions. However, the aromatic region
doesn’t seem as clear. One aromatic peak matches 3,5-dichloro-4-iodoanisole, but the
other three aromatic peaks are too far downfield to match any of the other products.

Iodination of 3,5-dichloroanisole using silver salt without a solvent
The results of the reactions without a solvent can be found in the Tables 2-5.
These tables show the percent compositions of the reaction in various conditions. The
method used to find the percent composition can be found in the experimental procedures.
Although this method isn’t the most accurate in finding the actual percent composition, it
can give a good estimation. The equivalents of silver sulfate and iodine, temperature, and
time were all varied to track the evolution of the composition of the product formed. As
different factors were increased, there was an increase in iodinated products as expected.
The iodine has a preference to attach in the ortho position rather than the para position as
the number of equivalents, temperature, and time are increased. In the reaction involving
2 equivalents at 110 °C for 3 days, a few interesting peaks appeared in the NMR. The
proton NMR showed a third methoxy peak and new aromatic peak. While the actual
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shifts of 3,5-dichloro-2,6-diiodoanisole are unknown, these unexplained peaks show one
methoxy peak and one aromatic peak, which would be what this compound would show.
The carbon NMR of the crude product shows peaks that could potentially be the 3,5dichloro-2,6-diiodoanisole. However, there seemed to be many other peaks of impurities,
so it is hard to say whether the peaks correspond to this molecule.
The masses of the organic-insoluble product shown in Table 6 seemed to be high.
Like Table 1, the percent yields are assuming the organic-insoluble product is solely
silver iodide, and all the silver sulfate and iodine reacted. All the insoluble portions were
washed with aqueous potassium iodide and completely dissolved. Thus, the increased
mass was most likely due to the sulfuric acid.

Iodination of 3,5-dichloroanisole using silver salt without a solvent at 150 °C for 3 days
The reaction run with 2 equivalents of iodine at 150 °C for 3 days had peculiar
results. This reaction was different from the other solvent-less reactions in two ways
(excluding the changes in equivalents added, temperature, and how long the reaction ran).
Firstly, glass beads were added to the reaction mixture. As can be seen in the Tables 2-5
below, one problem that occurred was no matter what conditions the reaction was run
under, the reaction never seemed to go to completion. One factor influencing this might
have been because the iodine vapors were not going into the liquid 3,5-dichloroanisole
and reacting with the starting material. The reactions were all done in a 5 mL
roundbottom flask to reduce as much of the unnecessary space as possible. Therefore, the
flask was filled with about 60% glass beads to try to reduce the space in which the iodine
vapor could move around. This helped force the iodine to go into the liquid starting
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material. Originally, the idea was to completely fill the flask with glass beads, but that
hindered the stir bar’s ability to stir. Increasing the RPM of the stir bar too quickly will
result in the stir bar finding its way to the top of the glass beads, far away from the liquid
mixture. Therefore, the stir bar’s RPM had to be increased slowly.
After the dichloromethane layer was washed with sodium thiosulfate during the
reaction workup, the unknown brown powder appeared again floating in the aqueous
layer. Some additional brown solid was found in the organic layer after using the rotary
evaporator along with some liquid that didn’t seem to want to evaporate. However, there
was no sign of an organic product after rotary evaporation. The initial idea was that this
could be due to the iodine caking (due to the time difference of about four days between
stopping the reaction and extraction of the product using dichloromethane), thereby
trapping the product and preventing it from reaching the dichloromethane during the
extraction. Therefore, the extraction was done again except the product was crushed
thoroughly with a spatula before there was an attempt to extract it with dichloromethane.
More iodine seemed to have dissolved in the DCM as the solvent was a much darker
purple color compared to the first attempt. However, after evaporating the DCM using a
rotary evaporator, there didn’t seem to be any sign of an organic product.
Analysis by proton NMR of the organic-insoluble fraction showed some odd
peaks around 1-2 ppm. These peaks are usually where hexanes are found. However, no
hexanes are used during the reaction or extraction process. It is possible this involves the
second difference in the reaction, which was the addition of aluminum foil covering the
oil bath for the last twenty-four hours of the reaction. This was done because there was a
noticeable decrease in the oil bath level after two days, so aluminum foil was added to
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ensure the whole flask stayed at 150 °C. One hypothesis is that, since the reaction flask
was only lightly stoppered with a glass stopper, the vapors of the oil bath could have
seeped into the reaction. This could explain where the unknown peaks from the NMR
were coming from. Unfortunately, this doesn’t explain where the organic product has
gone.
Integration of the supposed mineral oil peaks show there is a lot of it relative to
the TMS peak. In contrast, the product peaks’ integration values are usually much lower
than the TMS peak. It is possible that the aromatic material is actually there, but the oil
peaks are just so large that they overwhelm the signals of the products.

15

CONCLUSIONS
The reason for Joshi’s low yield in DCM doesn’t seem to be due to tri-iodination
of the starting material and subsequent precipitation of the tri-iodinated product. For the
solvent-less reactions, the iodine prefers to attach to the ortho position of the starting
material rather than the para position. As the conditions were increased, di-iodinated
products increased, mono-iodinated products experienced small fluctuations, and the
starting material decreased, excluding the first reaction in Tables 2-5.
In the future, the last reaction involving glass beads could be repeated. The heat
might need to be lower about 10 to 15 degrees to avoid evaporation of the oil in the oil
bath, and no aluminum foil needs to be used to cover up the reaction as well. Three
equivalents or excess amounts of silver sulfate and iodine could be added to attempt triiodination of the starting material. Another similar product that is easier to tri-iodinate
could be used. If tri-iodination is possible, the product could be synthesized to produce
the tri-iodinated anisole. Performing the reaction in other solvents or the ball milling
machine could be other options to consider.
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EXPERIMENTAL DATA
Table 1: Masses for Reactions in DCM
Insoluble in DCM portion (mg)
Joshi’s equivalents (1 mmol scale)
3 equivalents (1 mmol scale)
3 equivalents (3 mmol scale)

Percent yield if all insoluble
material was AgI
62%
89%
102%

161
624
2150

Table 2: Composition of Product Mixture Based on Aromatic Proton Integration

(1 eq) 45°C, 5 min
(1 eq) 70°C-110°C,
40 min
(1 eq) 70°C, 22 hrs
(2 eq) 70°C, 26 hrs
(2 eq) 110°C, 3 days

85%
28%

8%
17%

7%
47%

0%
8%

0%
0%

13%
3%
7%

19%
6%
17%

58%
32%
44%

10%
59%
22%

0%
0%
10%

Table 3: Composition of Product Mixture Based on Methoxy Proton Integration

(1 eq) 45°C, 5 min
(1 eq) 70°C-110°C,
40 min
(1 eq) 70°C, 22 hrs
(2 eq) 70°C, 26 hrs
(2 eq) 110°C, 3 days

93%
49%

7%
51%

0%
0%

37%
9%
27%

63%
91%
52%

0%
0%
21%
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Table 4: Product Composition Based on Aromatic Protons, Grouped for Comparison with Composition Based on
Methoxy Protons

(1 eq) 45°C, 5 min
(1 eq) 70°C-110°C,
40 min
(1 eq) 70°C, 22 hrs
(2 eq) 70°C, 26 hrs
(2 eq) 110°C, 3 days

93%
45%

7%
55%

0%
0%

32%
9%
24%

68%
91%
66%

0%
0%
10%

Table 5: Composition of Product Mixture Based on Carbon NMR

(2 eq) 110°C, 3
days

7%

15%

46%

27%

6%

Table 6: Masses for Reactions Without a Solvent
Insoluble in DCM portion
(mg)
(1 eq) 45°C, 5 min
(1 eq) 70°C-110°C, 40
min
(1 eq) 70°C, 22 hrs
(2 eq) 70°C, 26 hrs
(2 eq) 110°C, 3 days

Percent yield if all
insoluble material was
AgI
N/A
99%

N/A
234
307
652
641

130%
139%
137%
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Portion that dissolves in
DCM (mg)
291
256
232
265
180

Figure 4: H NMR of reaction in DCM using Joshi's equivalents (organic-insoluble product)

Figure 5: C NMR of reaction in DCM using Joshi's equivalents (organic-insoluble product)
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Figure 6: H NMR of reaction in DCM using 3 equivalents (organic-insoluble product)

Figure 7: H NMR of reaction in DCM with 3 equivalents (filtrate)
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Figure 8: H NMR of organic-insoluble product after KI wash

Figure 9: C NMR of organic-insoluble product after KI wash
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Figure 10: H NMR of solvent-less reaction using 1 equivalent of silver sulfate and iodine at 45 °C for 5 minutes

Figure 11: H NMR of solvent-less reaction using 1 equivalent of silver sulfate and iodine at 70-110°C for 40 minutes

Figure 12: H NMR of solvent-less reaction using 1 equivalent of silver sulfate and iodine at 70°C for 22 hours
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Figure 13: H NMR of solvent-less reaction using 2 equivalents of silver sulfate and iodine at 70 °C for 26 hours

Figure 14: H NMR of solvent-less reaction using 2 equivalents of silver sulfate and iodine at 110°C for 3 days
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Figure 15: C NMR of solvent-less reaction using 2 equivalents of silver sulfate and iodine at 110°C for 3 days
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Figure 16: C NMR of solvent-less reaction using 2 equivalents of silver sulfate and iodine at 110°C for 3 days (125-165
ppm)

Figure 17: C NMR of solvent-less reaction using 2 equivalents of silver sulfate and iodine at 110°C for 3 days (107-124
ppm)
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Figure 18: C NMR of solvent-less reaction using 2 equivalents of silver sulfate and iodine at 110°C for 3 days (20-95
ppm)
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Figure 19: H NMR of solvent-less reaction with 2 equivalents of silver sulfate and iodine at 150 °C for 3 days with glass
beads and covered with aluminum foil (product not crushed with spatula)

Figure 20: H NMR of solvent-less reaction with 2 equivalents of silver sulfate and iodine at 150 °C for 3 days with glass
beads and covered with aluminum foil (product crushed with spatula)
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